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This work reports the microbial characterization of a farmhouse natural fermented milk 
(NFM) with good sensorial properties produced in Spain. Culturing and denaturing gradient 
gel electrophoresis (DGGE) analyses showed that Lactococcus lactis subsp. lactis and 
Lactococcus lactis subsp. cremoris (approximate levels of 109 cfu ml-1) were dominant in 
this NFM, while Lactobacillus plantarum appeared at a lower level (106-107 cfu ml-1). 
Repetitive extragenic palindromic (REP)-PCR typing of the isolates identified single strains 
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Milk can be consumed in its fluid form or transformed into a variety of different products, 
of which fermented milks are among the most important (de Ramesh et al. 2006; Robinson 
and Tamime 2007). The first fermented milks were produced by accident via the 
development –under serendipitously appropriate conditions– of indigenous lactic acid 
bacteria (LAB). It is difficult to establish when the purposeful practice of fermenting milk 
began, but it can be assumed that it was soon after the first human populations settled in the 
Middle East some 15,000 years ago (Robinson and Tamime 2007; Tamime 2002). The 
production of natural fermented milk (NFM) from raw milk later spread all over the world. 
Evidence of NFMs can still be found in large areas of Africa, Middle East, Asia, and even 
in Europe, such as ergo from Ethiopia, amasi (also known as hodzeko and mukaka 
wakakora) from Zimbabwe, roub from The Sudan, rayeb, lben, laban, kad, zabady and zeer 
from the Magreg, and filmjölk and långfil from Sweden (Kosikowski and Mistry 1997; 
Robison and Tamime 2007; Tamang 2010). Traditional NFMs (such as leite callado and 
lleche presa) are also still produced in rural areas of North-western Spain at a farmhouse 
scale. In fact, more than 400 generic names of NFMs are registered throughout the world 
(Kurmann et al. 1992), although the number of distinct varieties may be shorter (Robinson 
and Tamime 1990; Robinson and Tamime 2007; Tamime 2002). 
NFM relies on the growth of mesophilic LAB species, which lower the pH and 
produce the most typical sensorial compounds of the products (FAO/WHO 2003). Two 
different classes of NFM can be distinguished: inoculated and non-inoculated (Kosikowski 
and Mistry 1997; Robinson and Tamime 2007). Non-inoculated NFMs are made by leaving 
the raw milk at room temperature until it becomes sufficiently acidic for the coagulum to 
appear. Inoculated NFMs are manufactured by adding a portion of a previous NFM batch to 
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a new milk substrate (backslopping). In either case, Lc. lactis strains are among the 
dominant microbiota (Gonfa et al. 2001; Mathara et al. 2004; Patrignani et al. 2006). In 
traditional products manufactured from raw milk it is also common to find species of 
mesophilic lactobacilli such as Lb. plantarum and Lactobacillus casei/Lactobacillus 
paracasei, as well as Leuconostoc, Enterococcus and Pediococcus species (Gonfa et al. 
2001; Mathara et al. 2004; Patrignani et al. 2006). In warm climates, other lactobacilli such 
as Lactobacillus helveticus, Lactobacillus fermentum and/or Lactobacillus acidophilus may 
also develop. Moderate to high (up to 108 cfu g-1) numbers of yeast species are also usually 
present in NFMs (Benkerroum and Tamime 2004; Gadaga et al. 2000; Gonfa et al. 2001); 
different types of yeast may cause its spoilage or enhance its flavour. The dominant yeast 












lusitaniae (Benkerroum and Tamime 2004; Gadaga et al. 2000). Micrococci, coliforms and 
pathogens (Staphylococcus aureus, Bacillus cereus) are occasionally found in NFMs 
(Gonfa et al. 2001), stressing the need for improving the microbial safety of these products. 
NFMs can also be manufactured from pasteurised and/or sterilized milk (at both the 
artisanal and industrial scale), which renders products safer. Industrial NFMs are inoculated 
with acidifying and aromatic starter cultures, while artisanal products are usually inoculated 
via backslopping techniques. Such transfers impose conditions that select strongly for 











78 This study reports the microbial characterization and development of a stable, 
farmhouse NFM with good sensorial properties and commercial potential, produced by a 
number of families in northwestern Spain. The original batch of NFM was of uncertain 

















treated milk every three to five days followed by incubation at room temperature (20-25ºC) 
for 18-24 h. Once coagulated, the milk was stored at 7ºC for consumption until the 
manufacture of a new batch. The NFM was maintained for several years in the household 
from which it was acquired without losing its original activity or sensorial properties. 
Following acquisition and continued production at the laboratory using the same artisanal 
methods, samples were analysed at 0, 3, 6, 12 and 15 months. The stable sensorial 
properties of the product suggested the presence of a stable microbial community with 
potential use as an industrial starter. 
 
MATERIAL AND METHODS 
Sampling conditions 
Six batches of the NFM were sampled at the time of consumption (one to three days after 
production) according to IDF Standard 50B (IDF, 1985) and transported to the laboratory 
under refrigerated conditions. The pH of the milk before and after fermentation was 
94 
95 
measured according to IDF Standard 104A (IDF, 1984). Duplicate culturing analyses were 














Ten ml of NFM were homogenised with 90 ml of a 2% (w/v) sodium citrate solution at 
45ºC in a Colworth Stomacher 400 (Seward Ltd., London, UK) (for 3 x 1 min). Ten-fold 
serial dilutions were made in Maximum Recovery Diluent (Scharlau, Barcelona, Spain) and 
plated in duplicate on general and selective media as follows. 
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Aerobic mesophilic bacteria were enumerated on plate count agar with 1% skimmed milk 
(PCAM; Merck, Darmstadt, Germany) after 72 h incubation under aerobiosis at 30ºC. 
 
Lactococci 
Lactococci were grown on M17 agar (M17A, Scharlau) and enumerated after 48 h 
incubation at 30ºC. 
 
Lactobacilli 
Lactobacilli were grown on de Man, Rogosa and Sharpe agar (MRSA; Merck) adjusted to 
pH 5.4, and enumerated after 72 h incubation at 32ºC in a 5% CO2 atmosphere in a Hera 
Cell 2400 incubator (Thermo Fisher Scientific Inc., Waltham, Ma., USA). 
 
Leuconostoc spp. 
Dextran-producing leuconostocs were grown on Mayeux, Sandine and Elliker agar (MSEA; 
Biokar Diagnostics, Beauvais, France) and enumerated after five days incubation at 25ºC. 
 
Enterococci 
Enterococci were grown on Slanetz and Bartley agar (SBA; Merck) and enumerated after 
24 h incubation at 44ºC. 
 
Enterobacteria and coliforms 
Enterobacteria and coliforms were grown on violet red bile glucose agar (VRBGA) and 


























and overlay technique. Dilutions were mixed with 15 ml of agar and poured onto Petri 
dishes. After solidification a second agar layer of 10 ml was added. Bacteria were 
enumerated after 48 h incubation at 30ºC. 
 
Staphylococci 
Dilutions were grown on Baird-Parker agar (BPA; Merck) supplemented with egg yolk 
tellurite solution (Merck). Black colonies with or without egg yolk clearing were recorded 
after 24 h incubation at 37ºC. 
 
Yeasts and moulds 
Dilutions of acidified milk samples were plated on yeast extract glucose chloramphenicol 




Molecular identification of bacteria 
From the different NFM samples, 104 colonies from the M17 (54), MRS (39) and MSE 
(11) agar plates were purified by subculturing on the same medium from which they were 
collected. Pure cultures were stored frozen at –80ºC until analysis. Total genomic DNA 
from isolates was purified from overnight cultures using the GenElute Bacterial Genomic 
DNA kit (Sigma-Aldrich Inc., St. Louis, Mo., USA) following the manufacturer’s 
recommendations. Total DNA from isolates was employed as a template to amplify a 
segment of the 16S rRNA gene via the polymerase chain reaction (PCR) using the universal 























3’) and S-*-Univ-1492R-b-A-21 (1492R) (5’–GGTTACCTTGTTACGACTT–3’). PCR 
was performed in 50 μl volumes containing 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2, 
0.2 mM of each dNTP, 0.2 mM of the primers, 1.5 U of Taq-polymerase (Ampliqon, 
Skovlunde, Denmark) and 100 ng of extracted DNA. Purified amplicons were digested with 
HaeIII and HhaI restriction enzymes (Invitrogen Ltd., Paisley, UK) and electrophoresed in 
2% agarose gels. These were visualised with ethidium bromide (0.5 μg ml-1 (Sigma-
Aldrich) and photographed under UV light. 
 
Molecular identification of yeasts 
Cell-free extract of yeasts, obtained by suspending a colony in water, boiling for 10 min 
and centrifugation, were used as a template in PCR reactions to amplify a segment of the 
eukaryotic rRNA operon encompassing the 5.8S rRNA gene and the flanking internal 
transcribed spacers ITS1 and ITS2 using primers ITS4 (5’–
TCCTCCGCTTATTGATATGC–3’) and ITS5 (5’–GGAAGTAAAAGTGCTAACAAGG–
3’). The PCR conditions used were those reported by White et al. (1990). 
 
Sequencing and comparison of sequences 
Selected amplicons of bacteria and yeasts were purified in GenElute PCR Clean-Up 
columns (Sigma-Aldrich) and sequenced by cycle extension in an ABI 373 DNA sequencer 
(Applied Biosystems, Foster City, Ca., USA) using primer 27F or ITS5, respectively. On 
average, 800 bp were obtained per sequence. These were compared with those in the 
GenBank database using the BLAST program (National Center for Biotechnology 175 


























Sequences with a percentage similarity of 97% or higher were allocated to the same species 
(Palys et al. 1977; Stackebrandt and Goebel 1994). 
 
Typing of isolates 
Isolates were grouped by repetitive extragenic palindromic PCR (REP-PCR) typing using 
primer BoxA2R (5’–ACGTGGTTTGAAGAGATTTTCG–3’), as reported by Koeuth et al. 
(1995). REP-PCR products were purified and electrophoresed in 1% agarose gels as above. 
 
Denaturing gradient gel electrophoresis (DGGE) 
 
Extraction and purification of DNA. 
Homogenised NFM samples in 2% sodium citrate were used for isolation of total microbial 
DNA. DNA extraction was accomplished using a commercial kit (QIAamp DNA Stool 
Mini Kit; Quiagen, GmbH, Hilden, Germany) following the manufacturer’s 
recommendations. To confirm and quantify the bacterial populations identified by DGGE 
in the NFM, DGGE analyses were also made of the total DNA extracted from enrichment 
cultures (on M17 and MRS) of the 10-fold dilutions used for enumeration purposes. The 
cells were pelleted by centrifugation and total microbial DNA isolated as reported above 
for the purified cultures. 
 
PCR amplification 
DNA was used as a template in PCR amplification of the V3 region of the bacterial 16S 
rRNA gene using the universal primers F357 (5’–TACGGGAGGCAGCAG–3’), to which a 

























ATTACCGCGGCTGCTGG–3’) (Muyzer et al. 1993). The D1 domain of the 26S rRNA 
fungal gene was amplified using primers GC-NL1 (5’–
GCCATATCAATAAGCGGAGGAAAAG–3’) and LS2 (5’–
ATTCCCAAACAACTCGACTC–3’) (Cocolin et al. 2002). The amplification conditions 
for prokaryotic and eukaryotic sequences were those described by Muyzer et al. (1993) and 
Cocolin et al. (2002), respectively. 
 
Electrophoresis conditions 
DGGE was performed using a DCode apparatus (Bio-Rad, Richmond, Ca., USA) at 60ºC 
and employing 8% polyacrylamide gels with a denaturing range of 40–60% for bacteria and 
30–50% for fungi. Electrophoresis was performed at 75 V for 17 h and at 130 V for 4.5 h 
for bacterial and fungal amplifications respectively. Bands were visualised after staining 
with 0.5 μg ml-1 ethidium bromide. 
 
Identification of DGGE bands 
DNA bands in the polyacrylamide gels were assigned to species by comparison with a 
control ladder of known strains (Flórez and Mayo 2006), or, following isolation of DNA 
from the bands and reamplification with the same primers without the GC-clamps, by 
sequencing and comparison of the sequences as described above. 
 
RESULTS 
The pH of the NFM samples ranged from 4.1 to 4.4. Table 1 shows counts for the majority 

























indicating the origin of the different samples analysed. The total cultivatable aerobic counts 
in PCMA matched those obtained in M17A for all six samples. This indicates that 
lactococci were the dominant population, reaching around 1.0 x 109 cfu ml-1. Lactobacilli 
numbers were usually two logarithmic units lower than those for lactococci, although 
sample-to-sample variations were noted (Table 1). Dextran producing leuconostocs were 
occasionally observed at the very limit of detection (below 103 cfu ml-1). No staphylococci, 
enterococci, enterobacteria or coliforms were detected in any of the samples, except for 
small numbers of the last three groups at the 6 month sample (t=6). In addition, a 
homogeneous yeast population was recorded at 6 and 12a month samples, with counts of 
2.8 and 5.0 x 105 cfu ml-1, respectively. 
Due to the relatively simple microbial composition of the samples, the DGGE profiles 
were also expected to be rather simple. In fact, these varied between one or two bands. A 
patent band corresponding to Lc. lactis was always present, while that of Lb. plantarum 
was barely visible at time zero and 6 months. Figure 1 shows the DGGE results obtained at 
3 months (t=3), in which its DGGE profile is shown in line 1. As for the NFM, the profiles 
obtained from the cultures of the 10-fold dilutions involved either one or two bands. 
Cultures from the MRS plates (growth was up to the –3 dilution) gave a single band which 
migrated to the position of the Lb. plantarum control band. In contrast, profiles from the 
enrichment cultures grown on M17A showed two bands corresponding to Lb. plantarum 
and Lc. lactis up to the –3 dilution, followed by a band for Lc. lactis alone for the –4, –5 
and –6 dilutions (Figure 1). 
No DGGE profiles for eukaryotic organisms were recorded at time zero or at 3, 12b, 
and 15 months, while two bands whose sequence showed identity to both Kazachstania 
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For the microbial characterization of the NFM, 104 colonies from the M17A (54), 
MRSA (39) and MSEA (11) plates isolated from the six time points were purified by 
subculturing, and identified by molecular methods. All colonies were subjected to PCR 
amplification of the 16S rRNA genes with primers 27F and 1492R, followed by amplified 
ribosomal DNA restriction analysis (ARDRA) with the restriction enzymes HaeIII and 
HhaI. Only two distinct ARDRA profiles were obtained with either HaeIII or HhaI. As an 
example, Figure 2 shows the profiles obtained with HaeIII. All isolates from the M17A 
plates gave the profiles depicted in Figure 2A, while Figure 2B shows that recorded for 
isolates from the MRSA plates. Two isolates from the MSEA plates showed an ARDRA 
profile identical to that shown by isolates from the M17A plates, while the remaining nine 
showed a profile identical to that shown by the cultures from MRSA plates. These results 
strongly suggest that the majority populations of the NFM recorded in M17A and MRSA 
plates were represented by a small number of bacterial species. Sequencing of 15 
randomly-chosen amplicons of colonies isolated from the three media identified these as 
Lc. lactis and Lb. plantarum respectively. It is noteworthy that for Lc. lactis, members of 
both the lactis and cremoris subspecies were detected during analysis of the sequences. 
Indeed, Lc. lactis subsp. lactis and Lc. lactis subsp. cremoris genotypes were represented as 
two distinct colony morphotypes on the M17A plates. This allowed the differential 
enumeration of lactis and cremoris subspecies in all NFM samples analysed. The two 
subspecies were encountered in every sample, with dominance alternating between the 

























At 6 and 12a month samples, four yeast colonies each were identified using the 
eukaryotic-specific primers ITS4 and ITS5. As expected from the single morphotype 
observed on the enumeration plates, all sequences analysed corresponded to a single 
species –K. unispora (formerly known as Saccharomyces unisporus). 
All 94 bacterial isolates were subjected to REP-PCR typing to assess the strain 
diversity of the Lb. plantarum, Lc. lactis subsp. lactis and Lc. lactis subsp. cremoris. 
Surprisingly, a single REP profile was obtained for each species (Figure 3), which indicated 
a rather low genetic diversity at the strain level, similarly to that found at the species level. 
 
DISCUSSION 
Natural fermentation is one of the oldest methods of extending the shelf life of milk, and it 
is still widely practised in many parts of the world. This work describes the microbial 
characterisation of an NFM, analysed at six time points over one and a half years. The 
acquired NFM of the present study was produced by backslopping inoculation of UHT-
sterilised milk, culturing at room temperature for 18-24 h, and storing under refrigeration 
until use. Depending on consumption, the process was repeated every three to five days. 
Both the temperature of incubation and the majority microorganisms identified (see below) 
classify this NFM as of the mesophilic type (Robinson and Tamime 1990). This is probably 
the largest group of fermented milks, into which fall many traditional products such as 
cultured buttermilk, filmjölk, långfil, and many ethnic products from Africa, the Middle 
East and Asia (Benkerroum and Tamime 2004; Beukes et al. 2001; Gadaga et al. 2000; 
Gonfa et al. 2001; Tamang 2010). The original batch of this NFM could be not traced back. 
It may well have come from somewhere in the Middle-East or the Balkans, but it has been 
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passed from one family to another in the producing area for more than ten years now, and it 293 




















The dominant microorganisms on the culture plates were identified by partial ARDRA 
and sequencing of the ribosomal amplicons, which where then compared against sequences 
held in public databases. A large population of a single strain each of Lc. lactis subsp. lactis 
and Lc. lactis subsp. cremoris formed the dominant cultivable population in the analysed 
NFM. Some kind of proto-cooperation might maintain the two Lc. lactis strains at similar 
numbers over consecutive inoculations. A single Lb. plantarum strain at around two log10 
units lower numbers accompanied the two lactococcal strains. The same species were found 
by the culture-independent technique of DGGE, by which no other organisms were 
identified even after enrichment of the dilutions in M17 and MRS. These three strains were 
shown to be present throughout the entire study period (15 months), suggesting they are 
compatible and well adapted to one another. They also appear to be well adapted to the 
restrictive conditions imposed by the manufacturing process; cells have to attain high cell 
densities rapidly and to be resistant to the low pH (4.1-4.3) of the coagulated milk. These 
restrictive conditions are surely responsible for the low species and strain diversity found in 
this NFM. 
Lc. lactis –both the lactis and cremoris subspecies– are among the dominant 
microbiota of most mesophilic NFM types (Dewan and Tamang 2007; Gonfa et al. 2001; 
Mathara et al. 2004; Patrignani et al. 2006). This is also the case of Lb. plantarum, which 
has been reported in the literature as a usual component of traditional NFMs manufactured 
from raw milk (Dewan and Tamang 2007; El-Baradei et al. 2008; Gonfa et al. 2001; 
Mathara et al. 2004). Growth of these three LAB types to high cell densities during 





























isoelectric point of the caseins is reached (around pH 4.6). In addition, LAB metabolism 
modifies milk constituents (protein and fats) through their complex proteolytic and lipolytic 
systems (Leroy and de Vuyst 2004; Topisirovic et al. 2006). These activities contribute to 
the final sensorial characteristics of NFMs. Lactic acid further improves stability and safety 
of NFMs by inhibiting spoilage and pathogenic microorganisms (Topisirovic et al. 2006). 
A large population of K. unispora was observed in the 6 month sample, which was 
maintained in the subsequent analysis at 12 months (t=12a). This non-lactose fermenting 
species has been reported a common inhabitant of many dairy products, including kefir and 
cheese (Callon et al. 2006; Wang et al. 2008). It is unknown how this yeast species entered 
the present laboratory-produced NFM. At six months, small populations of enterococci and 
coliforms were also noted, which disappeared at 12 months. All of these ‘new 
microorganisms’ may have arise from a contaminated UHT-milk sample. Microbial 
analysis of the mother NFM sample at 12 and 15 month (t=12b and t=15, respectively) and 
showed no yeasts, which reinforces the contamination hypothesis. In any event, in the 
laboratory-made NFM, the yeast seems to become a stable component of the microbial 
association without perturbing the relationships between the other members or 
impoverishing the sensorial properties of the NFM. 
 
CONCLUSION 
The results of this work provide a microbial characterization of an undefined NFM, the 
fermentation of which appears to be accomplished by single strains of Lc. lactis subsp. 
lactis and Lc. lactis subsp. cremoris, accompanied by a strain of Lb. plantarum. The 
isolation and characterization of the component strains would allow a specific starter 
culture to be produced, which would further allow manufacture of this NFM at an industrial 
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scale. This type of manufacture would contribute to the standardisation and marketing of 
the product while assuring its safety. Due to its high activity and stability, the bacterial 
combination might additionally be used as a starter culture for the manufacture of cheese 
and other dairy products. Stable consortia of LAB and/or yeasts with a potential industrial 
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Figure 1.- DGGE profiles of microbial populations from the NFM at 3 months (lane 1) and 
those recovered after growth of the corresponding 10-fold dilutions on MRS and M17. M, 
combined amplicons of identified strains used as a control: Ma, Lactococcus garvieae (a), 
Lactobacillus plantarum (b), Leuconostoc mesenteroides subsp. mesenteroides (c), and 
Streptococcus parauberis (d). Mb, Enterococcus faecium (e), Enterococcus faecalis (f), 
Lactococcus lactis (g), Escherichia coli (h), and Lactobacillus paracasei (i). 
 
Figure 2.- Partial ARDRA profiles of 15 colonies isolated from the NFM on M17A (Panel 
A) and MRSA (Panel B). The 16S rRNA gene was amplified using primers S-D-Bact-
0008-a-S-20 (27F) and S-*-Univ-1492R-b-A-21 (1492R) and digested with the restriction 
enzyme HaeIII. M, molecular weight marker (GeneRuler1 kbp ladder; Fermentas GmbH, 
St. Leon-Rot, Germany). 
 
Figure 3.- REP-PCR typing of lactococci and lactobacilli isolates from the NFM with 
primer BoxA2R. Panel A. Lanes 1-8, Lc. lactis subsp. lactis isolates; lanes 9-15 Lc. lactis 
subps. cremoris isolates. Panel B. Lane 1-15 Lb. plantarum isolates. M, GeneRuler 
molecular weight marker (Fermentas). 
 20
Table 1.- Diagram of sampling and average microbial counts (in Log10 cfu per ml) of different microbial groups in the natural fermented milk at 
four sampling times, and diagram of the sampling. 
 
Samplea (month) 
Microbial group (counting medium)
t=0 t=3 t=6 t=12a t=12b t=15 
       
Total aerobic counts (PCAM) 8.90±0.31 8.49±0.42 9.18±0.28 8.65±0.18 9.03±0.35 8.68±0.41 
Lactococci (M17A) 8.94±0.16 8.59±0.23 9.10±0.34 8.74±0.10 8.95±0.34 8.76±0.21 
Lactobacilli (MRSA, pH 5.4) 7.04±0.36 5.70±0.67 7.40±0.46 5.84±0.68 6.94±0.72 6.54±0.56 
Leuconostoc (MSEA) [ 3.00b 3.25±0.12 [ 3.00 [ 3.00 [ 3.00 3.46±0.15 
Enterococci (Slanetz-Bartley, SBA) [ 1.00 [ 1.00 1.90±0.12 [ 1.00 [ 1.00 [ 1.00 
Staphylococci (Baird-Parker, BPA) [ 1.00 [ 1.00 [ 1.00 [ 1.00 [ 1.00 [ 1.00 
Enterobacteriaceae (VRBGA) nd nd 1.30±0.23 nd nd nd 
Coliforms (VRBLA) nd nd 1.08±0.18 nd nd nd 
Yeasts and moulds (YGCA) [ 1.00 [ 1.00 4.65±0.46 4.69±0.41 [ 1.00 [ 1.00 
       
 
aTwo replicates of each sample were analysed, from which counts were analysed in duplicate. Average results and standard deviation are 
indicated. 
bThe symbol [ indicates that colonies with the typical morphology of the microbial groups to be counted were not detected. If these were 
present, they must have been below the detection limit. 
nd, not detected. 
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